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Alfaro et al. 2008 , Khidir et al. 2010 . In addition microscopic analysis of the roots of some of these grasses revealed that DSE are the dominant fungal form, although their abundance varied considerably over the months and among individual plants (Mandyam and Jumpponen 2008, Porras et al. 2008) . Moreover some work has suggested that DSE are found within the seeds of some plant species, including grasses (e.g. Barrow et al. 2004) , suggesting the possibility that some members of the RAF community could be transmitted vertically.
The seedborne or Clavicipitaceous fungal endo phytes of several grasses (Schardl and Leuchtmann 2004) are a consistent and well documented example of how some symbiotic and vertically transmitted endophytes can move throughout the plant, at least aboveground (Brundrett 2002 , Rodriguez et al. 2009 ). Nevertheless these represent only a subset of all endophytes and we were unaware of any studies that examined whether a more comprehensive pool of RAF or DSE species could simultaneously colonize different plant organs. Thus the first goal of this study was to characterize the microfungal community We used molecular-, microscopic-and media-based assays to obtain a more thorough view of the fungal endophyte community within an important forage grass, Bouteloua gracilis (Willd. Ex Kunth, Lag. ex Griffiths). This C4 grass is the dominant plant species within major portions of its range and often represents a major proportion of forage for herbi vores where it occurs (Weaver and Albertson 1956, Fair et al. 1999) . Furthermore, we sought to use the existing and comprehensive molecular dataset of RAF within and surrounding B. gracilis roots (Porras Alfaro et al. 2007 , 2008 Khidir et al. 2010 ) to increase our understanding of the spatial distribution and dynamics of RAF communities. These patterns in turn would suggest how fungal species are distributed within individual plants and ecosystems and give us insights into their functionality and importance.
The second goal of this study was to assess the variation in the RAF communities within B. gracilis throughout the transcontinental range of the plant.
Although many micromycologists ascribe to the tenet that all fungi have the capacity to be everywhere, (e.g. Mueller et al. 2001 , Hailing et al. 2008 . A few of these studies examining geographic patterns conclude that endophytic fungi in their system are generalists (Cannon and Simmons 2002 , Suryanarayanan et al. 2004 , Mohali et al. 2005 ; most however indicate that endophytes vary considerably within the geographic space and host in which they are assessed (e.g. Petrini et al. 1996) even at local scales (Arnold et al. 2000) .
Related work assessing RAF in semiarid habitats (Porras-Alfaro et al. 2008 , Khidir et al. 2010 has shown that complexes of several fungal species within a few taxonomic families colonize roots of a number of grasses (including B. gracilis) but are nearly absent from the rhizosphere or adjacent soil (Green et al. 2009 Bouteloua gracilis is an ideal plant for this study because of the existence of a large collection of fungal cultures and molecular sequences from the roots of this species obtained at different times of the year (Porras-Alfaro et al. 2008 , Khidir et al. 2010 ) and a substantial number of molecular sequences from the aboveground portion of this plant host (this study) and the surrounding soil (Green et al. 2008 ). intercepts/root/plant were observed from plants col lected respectively in May and January (P = 0.65, Mann Whitney U = 6.5; = 6 plants/group).
MATERIALS AND METHODS
Diversity mithin plants (among organs). We were unable to amplify fungal DNA from plant 1 (collected in May) or from seeds of plant 4 (Jan 2006). A total of 1247 sequences were obtained from the remaining organs. Of these however 45 (31 from samples collected in May and 14 from January) were from the host plant (B. gracilis) and were deleted from the analysis, leaving 1202 fungal sequences (Table II) of the OTU, especially in the leaves where more than half of the OTU were singletons and increased the diversity estimates larger than those obtained from the crowns (Fig. 1) (Table IV) . Of these 648 (81.5%) were grouped into a total of 80 OTU containing at least two sequences.
Large OTU diversity in the dataset was more evident at 11, df = 2, P = 0.05).
higher latitudes. That is diversity as measured by OTU richness, Shannon's and Fisher's a diversity indices (Table IV) and rarefaction curves (Fig. 3 ) increased with increasing latitude. As with the first part of the study, the large number of singletons (147) (Fig. 5b) . Overall much of the congruence among the fungal communities at all sites was a result of the most common sequences (at all six sites) belonging to a few core taxonomic groups (similar or related phylotypes; Table IV Table  III) , sequences of this species appeared only 9.1% of the time in the molecular dataset. As expected, ITS sequences of some of the common morphotypes revealed that different isolates belong to different but related OTU.
DISCUSSION
We documented an extraordinarily large concentra tion and diversity of RAF endophytes in B. gracilis and extended those observations to include crowns and leaves, although the seeds harbored few species. Most species obtained from seeds are fungal taxa common ly present in the airspora, and it is likely that some (or most) of these fungi represent horizontal coloniza tion. Although we used a surfactant with our sterilizing solution, we also cannot dismiss the possibility that some seeds had propagules encrusted within crevices that might have survived surface sterilization. Furthermore, although rarely observed, it is also possible that non-culturable species were hidden within the seed coat, as was the case with some compared to aboveground systems, RAF communities are more strongly influenced by edaphic conditions. Examination of our dataset reveals that the difference in species richness was due primarily to the relatively high numbers of rare species within the community. A visual post hoc inspection of the roots and soil from all sites revealed that, compared with the other sites, roots from Wind Cave and Grasslands were thinner and laden with a more organic-rich soil. It is possible that many of these additional but rare fungal species were associated with the increased surface area to volume ratio of these thinner roots and the greater organic content, which often supports a greater diversity of soil-associated fungi (Waldrop et al. 
